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Japanese Patent Laid-open No. 61-51585 
SPECIFICATION 

1. Title of the Invention 

RADIATION DETECTION APPARATUS 

2. What is Claimed is: 

(1) A radiation detection apparatus comprising: 

a plurality of radiation detectors arrayed with a 
multi-stage configuration with respect to a track of the 
radiation beam output from a radiation source; and 

means that selectively acquires and combines outputs 
of detection elements of said multi-stage radiation 
detectors each positioned on a radiation passageway formed 
by splitting the radiation beam, and thus derives a spatial 
intensity distribution of the radiation; 

wherein radiation transmission data is acquired of 
the inspection object that is disposed between said 
radiation source and said multi-stage radiation detectors, 

(2) The radiation detection apparatus according to 
claim (1), wherein said radiation detector of each stage is 
either a ring-like, linear, or planar array of plural 
detection elements. 
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3. Detailed Description of the Invention 
[Technical Field of the Invention] 

The present invention relates to an improved 
radiation detection apparatus used for CT scanners and the 
like . 

[Technical Background of the Invention, and Problems 
associated with Conventional Technologies] 

CT scanners of this type are commonly used as the 
medical diagnostic apparatus that acquires tomographic 
images of the human body, and in this field, appropriate 
one of various types of radiation detection apparatus is 
used according to a particular scanning scheme. 

Fig. 6 shows one type of radiation detection 
apparatus used for a conventional CT scanner of the so- 
called fourth generation. This apparatus includes a fixed 
frame 1, a ring-shaped rotary frame 2 rotatably supported 
internally to the fixed frame 1, a radiation source 3 
fixedly installed on the rotary frame 2, and a radiation 
detector 4 having a number of radiation detection elements 
4a, 4b, etc. arranged in a row on the entire fixed frame 1. 
The apparatus also has a forward/backward movable table 5 
at the front side of a CT scanner. An inspection object 6 
is mounted on the table 5, which is then inserted into a 
required position of a bore 7 provided centrally in the 
rotary frame 2 . 
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The inspection object 6, after being set in the 
above manner, is intermittently irradiated with a fan-like 
radiation beam 8 while the radiation source 3 is being 
rotated by the rotation of the rotary frame 2. The 
radiation transmission beams passing through the inspection 
object 6 at this time are detected by the detection 
elements 4a, 4b, etc., and the data obtained therefrom 
undergoes image processing with well-known image- 
reconstruction processing means to create tomographic 
images of the inspection object 6. Reference numbers 9 and 
10 in the figure denote a trajectory of radiation- 
generating points and a data acquisition unit, respectively. 

Fig. 7 is a front view showing the radiation 
detection apparatus used for a CT scanner of the so-called 
third generation. This apparatus having a rotary frame 2 
on which a radiation source 3 and an arc-shaped radiation 
detector 4 1 are arranged facing each other is adapted to 
collect data with a data acquisition unit 10 by rotating 
the radiation source 3 and radiation detector 4 1 through 
the rotation of the rotary frame 2. 

Fig. 8 shows a radiation detection apparatus that 
inspects an industrial product, an industrial product 
material, or the like, as an inspection object 6. This 
apparatus, although the same as the apparatus of Fig. 7 in 
terms of scanning scheme, uses a one-dimensional detection 



element array as an arc-shaped radiation detector 4. ' ' . 
Reference number 12 denotes a belt conveyor. 

In the above three types of apparatus, as shown in 
Fig. 9, the scintillator 4A irradiating a 120-keV low- 
energy radiation beam 8 from the radiation source 3 and 
forming part of the radiation detector 4, 4 1 , or 4'*, 
usually has small dimensions of about 1 mm in width W and 
about 2 mm in length L. These dimensions allow for the 
effects on the human body. For a low-energy radiation, in 
particular, the acquisition ratio of radiation beams 8 can 
be sufficiently enhanced, even with the above scintillator 
4A of small dimensions. In Fig. 9, 4B is a photodiode, 4C 
is an optical shielding material, and 13 is a circuit board 

For inspection of industrial products, however, such 
apparatus, unlike an apparatus for medical use, commonly 
uses a radiation beam 8 having a high energy of 420 keV, 
for example. In this case, a long-size scintillator whose 
length L f is about 25 mm is used to maintain the 
acquisition ratio of radiation beams 8, as shown in Fig. 10 

When a radiation beam is emitted at right angles as 
denoted by solid line (a) in Fig. 9 or 10, this incident 
angle does not pose problems. The width W and length L of 
the scintillator 4A shown in Fig. 9 are much the same. 
Emission of a radiation beam from an oblique direction as 
denoted by broken line (b) in either figure, therefore, 
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does not present too big problems and radiation source 
position errors do not affect data accuracy too 
significantly, either. However, if the scintillator 4A is 
long as shown in Fig. 10, not only the insufficiency in the 
mechanical strength of the scintillator, but also the 
occurrence of even a slight radiation source position error 
causes the deterioration of resolution and the 
nonunif ormity of energy characteristics. In addition, the 
manufacture of the detector 4, 4', or 4 1 1 requires higher 
accuracy and this, in turn, makes a high-energy radiation 
more significantly difficult to obtain. 
[Object of the Invention] 

The present invention has been made with the above 
in view, and an object of the invention is to provide a 
radiation detection apparatus which, even when a high- 
energy radiation is used, does not require too high 
manufacturing dimensional accuracy or mechanical strength 
of radiation detectors and can detect high-energy radiation 
data accurately. 
[Summary of the Invention] 

The present invention is a radiation detection 
apparatus capable of obtaining high-energy radiation data 
by arranging one-dimensional or two-dimensional radiation 
detectors in a multi-layered fashion with respect to an 
incident path of a radiation beam, combining detection 
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outputs of each of the multi-stage radiation detectors, and 
calculating a spatial intensity distribution of the 
radiation. 

[Embodiments of the Invention] 

Embodiments of the present invention will be 
described below. Figs. 1 and 2 are diagrams showing a 
first embodiment of a radiation detection apparatus 
according to the present invention. This apparatus is 
equipped with a radiation source 22 rotatably provided on a 
frame 21 or with a rotary frame (not shown) that includes 
the radiation source 22 in itself. The apparatus is 
constructed so that the radiation source 22 can be rotated 
forward or backward through a full turn by rotating a 
rotation-driving unit (not shown) using a control signal 
from a rotation mechanism control unit 23. Reference 
number 24 in Fig. 1 denotes a trajectory of radiation- 
generating points. Plural radiation detectors 25-28 , each 
consisting of a number of radiation detection elements "a", 
"b", etc. positioned externally to the trajectory 24 and 
arrayed in a concentric ring-like form, are provided to 
take a multi-stage configuration with respect to an 
incident direction of a radiation beam 29. The detection 
elements "a", "b", etc. of each of the radiation detectors 
25-28 are each constituted by combining a scintillator and 
a photodiode array on a substrate as shown in, for example, 
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Fig. 9 of the prior art. Each detection element used is 1 
mm wide and 2 mm long. The foregoing frame 21 is formed 
with a bore 30 almost in its central portion, and an 
acquisition object 32 is mounted on a table 31 installed on 
a floor so as to be movable forward and backward, and the 
inspection object 32 is set in the bore 30. 

Additionally, a data acquisition unit (not shown) 
for each of the detectors 25, 26, 27, 28 is provided at an 
output end of each detector. Analog data for each of the 
detection elements "a", "b", etc. of each detector is 
digitized in the data acquisition unit and then sent to a 
tomographic image generator 33 constituted by a computer 
and other elements. The present embodiment assumes that 
each data acquisition unit is installed at a lower section 
of each of the detectors 25-28 or in a necessary place. 
Also, the tomographic image generator 33 includes a pre- 
processing element, an image reconstruction processing 
element, a central arithmetic processing and control unit, 
an image memory, and other elements. Reference numbers 34 
and 35 denote a radiation control unit and a CRT display 
unit, respectively. 

In the apparatus as described above, therefore, 
during data acquisition scanning, the radiation source 22 
is continuously or intermittently rotated at a required 
rotating speed via the rotation-driving unit under control 
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of the rotation mechanism control unit 23, based on a 
command from the tomographic image generator 33. Similarly, 
a fan-like radiation beam 29 is intermittently irradiated 
from the radiation source 22 onto the inspection object 32 
after receipt of a driving signal from the radiation 
control unit 34 under a command from the generator 33. The 
irradiation of the radiation beam 29 is repeated with each 
rotation of the radiation source 22 through a required 
angle and until the radiation source has rotated through a 
full turn. 

The radiation beams 2 9 that have thus been 
irradiated are output through the inspection object 32 and 
then detected by the detection elements "a", "b", etc. of 
the radiation detectors 25-28. Next, data is acquired for 
each of the detection elements "a", "b", etc. by each data 
acquisition unit, from which the data is then sent to the 
tomographic image generator 33. 

The tomographic image generator 33 selectively 
combines the data sent from the data acquisition units 
associated with the detection elements "a", "b", etc., and 
thus acquires data for a large number of radiation 
passageways . 

The combination of outputs from the detection 
elements "a", "b", etc. will be next described referring to 
Fig. 2. First, radiation intensity I of one radiation 
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passageway 291 can be represented using the following 
formula : 

I = iDj Aij Iij 

In the above formula, "Iij" means an output of the "i" th- 
row, "i" th detection element, and "Aij" denotes a 
geometrical coefficient of the particular detection element 
Also, " iDj " denotes the overall radiation intensity 
obtained by selectively combining radiation intensity 
levels of the detection elements (e.g., In, I i2 , I22-I24/ 
I33-I35/ I44-I46) positioned on the radiation passageway 291. 
The geometrical coefficient "Aij" is determined by factors 
such as a position of the radiation source, a position of 
the radiation passageway, a radiation energy distribution, 
and radiation energy conversion efficiency of the detectors 
25-28. That is to say, during rotation scanning of the 
radiation source 22, a rotational angle is detected by an 
encoder or the like and then recognized by the tomographic 
image generator 33 via the rotation mechanism control unit 
23. The position of the radiation source can therefore be 
sequentially detected. In addition, since the radiation 
source position is thus detected and since a fanning angle 
of the radiation beam 29 is known beforehand, it is 
possible to detect the radiation passageway position and 
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the detection elements of the detectors 25-28 belonging to 
that position- In other words, it is possible to identify 
each detection element to be selected beforehand according 
to a particular position of the radiation. Furthermore, 
since the radiation passageway position can be detected, it 
is possible to understand a contribution ratio of each 
detection element to be selected, from an inclination and 
other factors of the radiation passageway when the 
radiation beam is received, in its entirety or in part, for 
each detection element. Thus, "Aij" can be determined. 

The apparatus can therefore obtain radiation 
intensity data by combining, in the above way, the outputs 
of each detection element for each of the radiation 
passageways beginning with reference number 2 91, and then 
calculate the spatial intensity distribution of the 
radiation by collecting the intensity data. After this, 
tomographic images of the inspection object 32 can be 
created from the spatial intensity distribution data by 
using the image reconstruction processing element. 

According to the above configuration, therefore, 
since the plurality of ring-like detectors 25-28 are 
arrayed with a multi-stage configuration with respect to 
the incident direction of the radiation beam, the detection 
elements "a", "b", etc. can be dimensionally equal to those 
applied to a low-energy radiation beam. This means that 
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neither mechanical strength nor dimensional accuracy needs 
to be too stringent. In addition, since an independent 
radiation beam is received from each of the detectors 25-28 
located at various stages, it is possible to acquire high- 
energy radiations at high efficiency and to accurately 
detect the radiation transmission data going out from the 
inspection object 32. Specifically in this apparatus, 
detection with the same accuracy is possible, even if the 
radiation-generating points move. 

Next, Fig. 3 is a diagram showing a second 
embodiment of a radiation detection apparatus according to 
the present invention. This apparatus is one applied to a 
CT scanner of the third generation. More specifically, a 
rotary frame 42 is rotatably provided internally to a fixed 
frame 41, and on the rotary frame 42, plural linear 
radiation detectors 43-47 are arrayed, in addition to a 
radiation source 22, with a multi-stage configuration with 
an incident direction of a radiation beam 29 irradiated 
from the radiation source 22. 

The apparatus of the above configuration is 
therefore adapted to irradiate a fan-like radiation beam 29 
intermittently from the radiation source 22 onto an object 
32 to be inspected, while rotating the radiation source 22 
and the plural linear radiation detectors 43-47 integrally 
around the inspection object 32. The radiation 
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transmission data output through the inspection object 32 
at this time is detected by each detection element of the 
radiation detectors 43-41, and detected data for each 
detection element is acquired by a data acquisition unit 
and then sent to a tomographic image generator 33. In the 
present embodiment, tomographic images of the inspection 
object 32 are created via the same elements as those 
described in Figs. 1 and 2. 

Next, Fig. 4 is a diagram showing a third embodiment 
of a radiation detection apparatus according to the present 
invention. This apparatus has a multi-stage configured 
array of planar two-dimensional radiation detectors 51-54 
and a data acquisition unit 55 at a lower section of the 
two-dimensional radiation detectors 51-54 located at each 
stage. Each of the radiation detectors 51-54 is 
constructed so that the detector is partitioned into plural 
segments by an optical shielding material 56A. Such 
partitioning allows a two-dimensional scintillator array 
56B and a two-dimensional optical detection element 56C to 
be coupled in proximity to each other in each segment. In 
this configuration, a plurality of tomographic images of 
the inspection object 32 in a direction of its height can 
be generated by rotating the radiation source 22 through a 
full turn and acquired data. 

While applications of the present invention in the 
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third and fourth generations of CT scanners have been 
described, the invention can also be similarly applied to 
CT scanners of other scanning schemes, for example, the 
second generation of CT scanners. Additionally, it goes 
without saying that the invention can be applied to 
inspection apparatus other than CT scanners. 
[Effects of the Invention] 

As detailed above, according to the present 
invention, it is possible to provide a radiation detection 
apparatus which, even when a high-energy radiation is used, 
is capable of enhancing radiation detection efficiency and 
detecting accurately the radiation transmission data 
obtained from the object being inspected. 

4 . Brief Description of the Drawings 

Figs. 1 and 2 are diagrams, explaining a first 
embodiment of a radiation detection apparatus applied to a 
CT scanner of the fourth generation according to the 
present invention. Fig. 1 is a front view of the apparatus, 
and Fig. 2 is a diagram showing the relationship between a 
radiation passageway and the detection elements of the 
radiation detectors provided at various stages. Fig. 3 is 
a front view showing a second embodiment of a radiation 
detection apparatus applied to a CT scanner of the third 
generation according to the present invention. Fig. 4 is a 
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perspective view schematically explaining a third 
embodiment of the radiation detection apparatus of the 
present invention that uses planar two-dimensional 
radiation detectors. Fig. 5 is a more specific 
configuration diagram of the radiation detectors shown in 
Fig. 4. Figs. 6 to 8 are configuration diagrams that 
explain different conventional types of apparatus, and Figs. 
9 and 10 are diagrams that explain problems associated with 
the above conventional types of apparatus. 

21 ... Frame 

22 ... Radiation source 

25-28, 43-47, 51-54 ... Radiation detectors 
32 ... Inspection object 

41 ... Fixed frame 

42 ... Rotary frame 

56A . . . Optical shielding material 

56B . . . Scintillator array 

56C . . . Optical detection element array 
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Drawings 
Fig. 1 

34 ... Radiation control unit 

23 ... Rotation mechanism control unit 

33 ... Tomographic image generator 
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Written Amendment 
To Mr. Manabu SHIGA, Commissioner, Patent Office 

1. Designation of the Case: 

Application No. 59-173732 

2. Title of the invention: 

RADIATION DETECTION APPARATUS 

3. Person who makes Amendment: 

Relationship to the Case: Applicant 
Toshiba Corporation 

4 . Agent : 

No. 17 Mori Bldg., 26-5, Toranomon 1-chome, Minato- 
ku, Tokyo 

Name: Takehiko SUZUE, Patent Attorney 

5. Voluntary Amendment 

6. Content to be corrected: 

Specification 

7. Description of the Amendment: 

(1) The paragraph "This is a conveyor ... Fig. 7." 
from page 3/line 24 of the Specification to page 4/line 2 
thereof is corrected to "This is the so-called line sensor 
fluoroscopic apparatus, wherein the arc-shaped radiation 
detector 4 ' r and the radiation source 3 are fixed and 
scanning is conducted by translating the inspection object 



17 



6 between both by means of the belt conveyor 12." 

(2) The section "51-55" on page 12/line 16 of the 
Specification is corrected to "51-54." 

(3) The paragraph "possible to create ... the 
radiation source 22" on page 12/lines 22-25 of the 
Specification is corrected to "an apparatus (so-called 
radiation television) that uses a high-energy radiation to 
obtain transmission images of an inspection object." 
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